Background: For laser therapy, darker skin types should be carefully treated, however, the precise role of melanin content, subspecies, and the heat effect of the laser has not been well studied in vivo.
Introduction
Constitutive pigmentation of human skin is determined by melanin content as melanocytes produce two chemically distinct types of melanin: the insoluble black to brown eumelanin, and the alkaline-soluble, yellow to reddish-brown pheomelanin. Both eumelanin and pheomelanin are derived from the common precursor dopaquinone, however, the availability of cysteine leads to formation of the pheomelanin pigment. Cysteine reacts rapidly and quantitatively with dopaquinone to produce 5-cysteinyl-dopa (5SCD) and 2-S-cysteinyldopa (2SCD) 1 .
Cysteinyldopas are then oxidized by dopaquinone to give benzothiazine intermediates, which gradually polymerize to form pheomelanin pigments. In the late stage of pheomelanin production, the benzothiazine moiety is gradually converted to a benzothiazole moiety 2 . When cysteine is depleted in melanosomes, dopaquinone spontaneously reacts to give 5,6-dihydroxyindole (DHI) and 5,6-dihydroxyindole-2-carboxylic acid ( DHICA ) via dopachrome. DHICA formation is also accelerated by dopachrome tautomerase. These dihydroxyindoles are then further oxidized to produce the eumelanin polymer 1 .
Various lasers were developed to destroy specifically melanin-containing organelles or cells. To evaluate this, the skin specimens were taken and evaluated by observing melanosome injury as well as temporary whitening of the skin due to microcavity formation by heat. The optical absorption of melanin has been well studied using extracted or synthetic melanin to determine the proper fluence of a laser to heat up melanin 3 . However, there is no in vivo study of injury of melanin-containing organelles or cells by laser irradiation with the information of the amount of each species of melanin in the skin. We have previously generated hairless mice harboring epidermal melanocytes producing dominantly eumelanin, pheomelanin, or no-melanin and elucidated the content of each type of melanin in the epidermis 4 . Using these mice, we examined the photothermal effect of a frequency-doubled Q-switched Nd:YAG laser on the pigmentary epidermis in our current study. This study might offer a more detailed explanation for the relationship between the amount of melanin and the injury of melanin-containing cells. Fig. 1 The effect of a frequency-doubled Nd:YAG laser on a BHSCF (black hairless SCF) mouse. Upper column: representative photograph of the mouse just after laser irradiation. Second and third column: histology of the skin taken 1 min after laser irradiation.
Laser irradiation at 1.0 J/cm 2 and 1.2 J/cm 2 clearly shows whitening of the skin. Vacuolar formations and partial separation of the epidermis and dermis were seen in the irradiated sites of 1.0 J/cm 2 and 1.2 J/cm 2 . The arrow indicates the irradiated area. The whitish mark near the laser-irradiated area is the marking to know the precise area of the laser irradiation. Scale bar, 100 μm.
Materials and Methods

Mice
Hairless mice harboring melanocytes in the epidermis, containing only eumelanin, mainly pheomelanin with much less eumelanin, or no melanin, were generated as The melanin content of these mice was previously re- These mice were fed on a standard diet and water, and supported at a controlled temperature and humidity with a 12 h light/dark cycle in our University Animal Facility. Fig. 2 The effect of a frequency-doubled Nd:YAG laser on a YHSCF (yellow hairless SCF) mouse. Upper column: representative photograph of the mouse just after laser irradiation. Second, third, and forth column: histology of the skin taken 1 min after laser irradiation. Laser irradiation at 1.5 J/cm 2 , 2.0 J/cm 2 , and 2.9 J/cm 2 clearly shows whitening of the skin. Vacuolar formations and partial separation of the epidermis and dermis were seen in the irradiated sites of 1.5 J/cm 2 , 2.0 J/cm 2 , and 2.9 J/cm 2 . The arrow indicates the irradiated area. Scale bar, 100 μm. 
Histological Analysis
Biopsied skin was fixed in 4% buffered paraformaldehyde, embedded in paraffin, stained using hematoxylin and eosin, and observed under light microscopy. Fig. 3 The effect of a frequency-doubled Nd:YAG laser on a WHSCF (white hairless SCF) mouse. Upper column: representative photograph of the mouse just after laser irradiation. Second, third, and forth column: histology of the skin taken 1 min after laser irradiation. Laser irradiation at any fluence, including 2.9 J/cm 2 (maximum fluence), did not induce whitening of the skin or any vacuolar formation. The arrow indicates the irradiated area. The black mark near the laser-irradiated area is the marking to know the precise area of laser irradiation. Scale bar, 100 μm.
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Results
Effect of a Q-switched Frequency-doubled Nd:YAG laser on BHSCF, YHSCF, and WHSCF Mice
As was previously reported, irradiation using a Qswitched laser on pigmented skin causes explosive vaporization of melanosomes which causes a temporary whitening of the skin due to microcavity formation 10 .
This whitening of the skin was observed by irradiation of 1.0 J/cm 2 and 1.2 J/cm 2 in BHSCF mice (Fig. 1) , and 1.5 J/cm 2 , 2.0 J/cm 2 , and 2.9 J/cm 2 in YHSCF mice (Fig. 2) .
However, in WHSCF mice, irradiation at 2.9 J/cm 2 (maximum fluence) did not induce whitening of the skin (Fig.   3) . These reactions were similarly observed in all mice.
Vacuolar formations and partial separation of the epidermis and dermis were seen only in the skin where a whitening change was observed (Fig. 1 3) . This is compatible with the previous reports that heat generated by laser induced cavity formation results in temporary whitening of the skin
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. Furthermore, this is melanin specific, as WHSCF which has no melanin showed no such changes.
Discussion
When irradiating skin by a laser with a wavelength that is absorbed by melanin, it is well known that darker skin types should be irradiated with a lower fluence to avoid burns. For this purpose, Fitzpatrick's phototype classification is extensively used 12 . However, as this classification is based on self-reported erythema sensitivity and tanning ability, there is limitation in its reliability. The effect of a laser on melanin has been well studied using extracted or synthetic melanin, therefore the effect of a laser needs to be considered by the content of melanin in the skin. Our results showed that yellow mice which contained dominantly pheomelanin in the epidermis were resistant to heat degeneration by a frequency-doubled Nd:YAG laser compared to black mice which have only eumelanin. As optical absorption of red hair has been reported to be lower compared to that of black hair, thermal injury might be less in the pheomelanin-containing cells compared with that in the eumelanin-containing cells 13 .
Recently, individual typology angle (ITA) by image analysis and total melanin content were reported to be well correlated, especially with PTCA (the degradation product of DHICA melanin ) and thiazole-2,4,5-tricarboxylic acid ( the degradation product of benzothiazine-type pheomelanin)
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. As melanin plays a key role in a laser's effect, skin color evaluation by image analysis such as ITA will offer better information before laser treatment and our results showed the different thermal effect in the skin with different melanin subspecies.
In summary, we showed the different heat degeneration by a frequency-doubled Nd:YAG laser using mice containing dominantly pheomelanin or eumelanin. This phenomana is reproducibly observed in these mice, which indicates that melanin type and content plays a major role in heat degeneration in mice. This might be due to these mice having the advantage of a uniform background melanin content. A precise definition of skin color and a characterization of the melanin chemical phenotype might be needed to better understand the laser effect in the future.
